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The variation of electrical resistivity in the system of glasses Ge17Te83−xTlx , with (1 ≤ x ≤ 13), has been
studied as a function of high pressure for pressures up to 10 GPa. It is found that the normalized electrical
resistivity decreases continuously with the increase in pressure and shows a sudden drop at a particular
pressure (transition pressure), indicating the presence of a transition from semiconductor to near-metallic
at these pressures which are in the range 3.0–5.0 GPa. This transition pressure is seen to decrease with the
increase in the percentage content of thallium due to increasing metallicity of the thallium. The transition
is reversible under application of pressure and X-ray diffraction of samples recovered after pressurization
show that they remain amorphous after undergoing a pressurization decompression cycle.
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1. Introduction
The main effect of pressure on solids is the compression of the material and this can lead to
pressure-induced phase changes, which are basically due to the instability of the lattice with
respect to another atomic arrangement. The application of pressure also leads to delocalization of
electrons, broadening of the bands, decrease in forbidden energy gap, etc. A variety of electronic
and structural phase transitions are known to occur under pressure such as metal–insulator tran-
sition, valence transition, superconductivity transition, magnetic transition, crystallization, etc.
[1–4] and these have made high pressure an important tool in condensed matter physics. In glassy
materials, the application of high pressure is seen to induce semiconductor to metal transitions
and crystallization.[5]
Glasses are thermodynamically metastable compared to the stable crystalline state, and the dif-
ference in the free energy between the low pressure glassy phase and the high pressure crystalline
phase leads to a pressure-induced crystallization which can be a continuous transformation or a
discontinuous transition. It is found that III–VI [6,7] and V–VI [8] glasses such as Ga–Te and
As–Te show continuous metallization under pressure. On the other hand, IV–VI chalcogenide
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glasses exhibit sharp, discontinuous glassy semiconductor to crystalline metal transition around
5–8 GPa.[9,10] Further V–VI chalcogenide glasses are usually found to remain a semiconductor
even up to 10 GPa.[11] Ternary glasses such as As–Te–Si [12] and As–Te–In [13] also show
continuous metallization under high pressure.
This work reports electrical resistivity measurements on bulk ternary Ge–Te–Tl glasses at high
pressure and attempts to understand the behavior of these glasses with respect to change in the
percentage content of Thallium.
2. Experimental details
Bulk semi-conducting glasses of a Ge17Te83−xTlx system with 1 ≤ x ≤ 13 were prepared by the
conventional melt quenching method. Appropriate amounts of pure elements (99.999%) of Ge, Te
and Tl were weighed to 0.1 mg accuracy and sealed in evacuated flattened quartz ampoules under
vacuum of about 10−6 mbar. The sealed ampoules were loaded in a horizontal rotary furnace and
were heated to 1000 ◦C at the rate of 100 ◦C/h. The ampoules were maintained at 1000 ◦C and
were subjected to continuous rotation for about 24 h at 10 rpm to ensure homogenization of the
melt and were subsequently quenched in NaOH and ice water mixture to obtain bulk glasses. The
amorphous nature of the glassy samples was confirmed by the X-ray diffraction (XRD) method.
The electrical resistivity measurements at high pressures up to 9.5 GPa have been undertaken
in a Bridgman opposed anvil cell, which works on the principle of massive support [14] with
a working face diameter of 12 mm at room temperature. The design of the anvil is as reported
in ref. [15] and the anvils are made of tungsten carbide and provided with binding rings made
up of EN24 alloy steel. Pyrophyllite gaskets of 0.35 mm critical thickness were used in split
gasket configuration. Steatite was used as the quasi-hydrostatic pressure-transmitting medium
and the pressure calibration was done using bismuth as the standard.[16] Samples of approxi-
mate dimension 2 mm × 1.5 mm × 0.4 mm were used for the present measurements of resistivity
under pressure. A two-probe method was employed for the electrical measurements, a current of
20 mA was passed through the sample using a constant current source and the voltage across the
sample was measured using a Keithley 614 nanovoltmeter. After pressurization, the samples were
recovered from the pressure cell after being subjected to high pressures. In these experiments,
NaCl was used as a pressure transmitter and the sample after the high pressure cycle was collected
by dissolving NaCl in distilled water. XRD studies on the recovered samples were carried out to
find the structure of the high pressure phase.
3. Results
Figure 1(a) and 1(b) shows the variation of normalized electrical resistivity (ρ/ρ0) with pressure
of the samples in the entire series. Here ρ0 is the resistivity at ambient pressure and is of the
order of 106  cm. The effect of pressure on the resistivity behavior of all the samples studied in
the ternary series Ge17Te83−xTlx is similar and it is evident from these figures that initially, the
normalized electrical resistivity shows a continuous decrease with the increase in pressure and then
exhibits a sudden drop at particular pressure (transition pressure), which indicates the presence
of a semiconductor to near-metallic transition. The low resistance values are reached around 3.0–
5.0 GPa. Figure 2 shows the variation of transition pressure as a function of the percentage content
of Thallium. The transition pressure decreases with the increase in thallium content. Figure 2 also
shows the pressures at which the transition is complete and the near-metallic values have been
observed as a function of thallium content. Figure 3 shows the XRD pattern of the representative
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Figure 1. (a)Variation of the normalized electrical resistivity with pressure for Ge17Te82Tl1, Ge17Te81Tl2, Ge17Te80Tl3,
Ge17Te79Tl4, Ge17Te78Tl5 and Ge17Te77Tl6. (b) Variation of the normalized electrical resistivity with pressure for
Ge17Te76Tl7, Ge17Te75Tl8, Ge17Te74Tl9, Ge17Te73Tl10, Ge17Te72Tl11, Ge17Te71Tl12 and Ge17Te70Tl13.
sample recovered after applying pressure up to 9 GPa. Figure 4 shows the variation of normalized
resistivity as a function of pressure when the pressure was decreased from 8 GPa to atmospheric
pressure compared with the curve obtained for increasing pressure. Figure 5 shows the variation of
normalized resistivity with the percentage content of Thallium at a constant pressure of 1.9 GPa.
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Figure 2. (a) Variation of transition pressure with the percentage content of Thallium in Ge17Te83−xTlx glasses. (b)
Variation of transition pressures (at which the transition is complete) with the percentage content of Thallium. The straight
line is the least square fit to the data points.
4. Discussion
The variation of normalized electrical resistivity with pressure of the samples in the entire series
is as shown in Figure 1(a) and 1(b). With the increase in pressure, the resistivity decreases slowly
initially, shows a sudden drop to a low resistance state around 3–5 GPa and then continues being
near-metallic up to 9.5 GPa. A material is defined as metallic when it has conductivity at 0 K,
or the conductivity temperature coefficient is negative [17] or the resistivity drops below the
Mott’s maximum metallic resistivity.[18] The resistivity of the low resistance phase is of the
order of 10−1 to 10−2  cm which is greater than the Mott’s maximum metallic resistivity [18] in
magnitude by an order of 2. Hence this state is not metallic by Mott’s criterion but we can refer
to it as quasi-metallic to indicate that its resistivity is low. This transition from semiconductor to
quasi-metallic occurs over a range of pressures. The variation of the start of the transition with
thallium content is given in Figure 2. It is clear from Figure 2 that there is a decrease in transition
pressure (PT) as the percentage content of Thallium in the samples increases. This decrease in
PT with increasing thallium content may be due to the metallic nature of thallium as compared to
the Te that it replaces. The pressures at which the transition is complete and quasi-metallic values
have been reached are also shown in Figure 2. These pressures reflect a nearly linear decrease
with the thallium content. Electrical switching [19] as well as ADSC and other studies [20,21] on
this series of samples indicate that the thallium is present with two valencies, a trivalent thallium
and a monovalent thallium. As a function of the thallium content, it is first incorporated as a Tl3+
species but on further addition it is present as Tl1+.As the thallium content increases, the increasing
monovalent species tends to fragment the network; this may lead to enhanced compression with
the quasi-metallic transition occurring at lower pressures. The pressure dependence does not show
any correlation with the valency of the thallium present.
In an attempt to look at the origin of the transition, some representative samples were recovered
after the pressurization cycle and their XRD was taken. This is shown in Figure 3. The XRD
clearly shows that the samples remain amorphous after recovery from the high pressure cycle.
The behaviour of the samples when the pressure was brought down from 9.5 GPa to atmospheric
pressure was probed and representative curves are shown in Figure 4. These clearly indicate that
the semiconductor to quasi-metallic transition is reversible with the removal of the pressure. This
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Figure 3. XRD pattern of representative samples (Tl1, Tl7 and Tl13) recovered after pressurization.
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Figure 4. Variation of normalized resistivity with pressure of representative samples (Ge17Te82Tl1, Ge17Te76Tl7 and
Ge17Te70Tl13) when the pressure was decreased from 9.5 GPa to atmospheric pressure compared with the variation when
pressure was increased.
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Figure 5. Variation of normalized resistivity with the percentage content of Thallium at a constant pressure of 1.9 GPa.
The continuous line is a guide to the eye.
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reversibility suggests two possibilities – one is that the low resistance quasi-metallic phase is
crystalline with the amorphous to crystalline phase transition being reversible under pressure.
Second, the low resistance quasi-metallic phase is also amorphous with the drop in resistivity
arising from a decrease in the bandgap due to compression or the movement of the Fermi level to
the conduction/valence band.
These samples were reported to undergo memory type of electrical switching.[19] Memory
switching is accompanied by a phase change from amorphous to crystalline. The increase in
Tl1+ with composition was thought to aid this type of switching due its effect of fragmenting the
network. Because of the above, it was expected that these samples may show a transition from
amorphous semiconductor to crystalline low resistance under the application of pressure.
Earlier studies on the electrical resistivity of bulk Ge20Te80 glass,[10] which is the parent
binary glass to our series, report that these show a semiconductor to crystalline transition under
high pressure. The high pressure crystalline phase in these did not revert back to amorphous
on the removal of the pressure but continued to remain crystalline after decompression. The
results from thallium containing the three-component Tl–Ge–Se glasses [22] are also similar
in that the bulk glasses undergo a semiconductor to crystalline transition under pressure with
accompanying structure change from amorphous to crystalline being retained even when the
pressure is removed. In fact a large number of chalcogenide glasses undergo an amorphous-to-
crystalline phase transition under the application of high pressure.[23] The Ge–Te–Tl glasses
reported in this paper clearly show a different behavior and remain amorphous after recovery
from a high pressure cycle. This difference in behavior of the Ge–Te–Tl glasses when compared
to the similar Tl–Ge–Se glasses may point to the low resistance phase being amorphous. The fact
that the resistivity retraces its path exactly on the removal of pressure suggests that an amorphous
to crystalline phase transition with its accompanying structural change has not occurred. It is
highly probable that a structural phase transition would not be retraced exactly but have a small
difference in the two paths. In situ XRD data would be required to confirm the structure of the
low resistance phase.
Chalcogenide glasses have been known to exhibit the presence of topological thresholds as
a function of composition as the average co-ordination number increases.[12,24–26] Figure 5
shows the behavior of the normalized resistivity as a function of composition at a con-
stant pressure of 1.9 GPa. Unlike the As–Te–Si glasses reported earlier,[12] no signatures of
topological thresholds were observed in the present Ge–Te–Tl glasses. This is in agreement
with the results of the switching behavior which also do not show the presence of topolog-
ical thresholds, and the suggestion that the added thallium tends to fragment the network is
supported.
5. Conclusions
Bulk Ge–Te–Tl glasses were found to exhibit a sudden transition in their normalized electrical
resistivity as a function of pressure undergoing a semiconductor to near metallic transition at
pressures around 3.0–5.0 GPa. The transition is reversible under the reversal of application of
pressure. XRD studies indicate that the samples remain amorphous after undergoing a high pres-
sure cycle. Signatures of topological thresholds were not observed lending support to the theory
that the network is fragmented due to addition of thallium.
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